The sequences ofORFs 2 to 5 of five United States (US) porcine reproductive and respiratory syndrome virus (PRRSV) isolates with differing virulence were determined. The nucleotide and deduced amino acid sequences of these isolates were compared with those of other known PRRSV isolates. The amino acid sequence identity between seven US PRRSV isolates was 91-99 % in ORF 2, 86-98 % in ORF 3, 92-99 % in ORF 4 and 88-97 % in ORF 5. The low virulence US isolate had highest sequence variation in ORFs 2 to 4 compared to the other US isolates. A hypervariable region with antigenic potential was identified within the major envelope glycoprotein. Phylogenetic analysis of ORFs 2 to 7 indicated the existence of at least three minor genotypes within the major US genotype. The low virulence US isolate formed a branch distinct from the other US isolates. The results of this study have implications for both the taxonomy of PRRSV and vaccine development.
Porcine reproductive and respiratory syndrome (PRRS) was first reported in the USA in 1987 and was rapidly recognized in many Western European countries (reviewed by Goyal, 1993) . The disease is characterized by reproductive failure in sows and gilts, pneumonia in nursery and young growing pigs, and an increase in preweaning mortality Christianson et al., 1992; Halbur et al., 1995a) .
The causative agent of this disease, porcine reproductive and respiratory syndrome virus (PRRSV), was identified first in Europe and then in the USA . PRRSV was provisionally classified in the newly proposed Arteriviridae family which includes equine arteritis virus (EAV), lactate dehydrogenase-elevating virus (LDV) and simian haemorrhagic fever virus (SHFV) (Den Boon et al., 1991; Plagemann & Moennig, 1992 The nucleotide sequence data reported in this paper have been deposited with the GenBank database and assigned the accession numbers U34297 (ISU22), U34299 (ISU55), U34300 (ISU79), U34296 (ISU1894) and U34298 (ISU3927).
al., 1993; Godeny et al., 1995) . The viral genome is about 15 kb and contains eight open reading frames (ORFs) (Meulenberg et al., 1993) . ORFs la and lb probably encode the viral RNA polymerase (Meulenberg et al., 1993) . ORFs 5, 6 and 7 were found to encode a glycosylated membrane protein (E), an unglycosylated membrane protein (M) and a nucleocapsid protein (N), respectively (Meulenberg et al., 1995) . The predicted products of ORFs 2 to 4 have the characteristics of membrane-associated proteins (Conzelmann et al., 1993; Meulenberg et al., 1993 ; Morozov et al., 1995) ; however, their translation products were not detected in virusinfected cell lysates or virions (Meulenberg et al., 1995) , Antigenic, genetic and pathogenic variations have been reported among different PRRSV isolates. The US and European PRRSVs represent two distinct genotypes (Meng et al., 1995) . Antigenic variability exists not only between US and European isolates but also among US isolates (Wensvoort et al., 1992; Nelson et al., 1993) . Marked differences in pathogenicity have been demonstrated between US and European isolates, and among US isolates (Halbur et al., 1995a, b) . In this study, we have determined and compared the sequences of ORFs 2 to 5 of five different US PRRSV isolates of differing virulence.
The ATCC CRL11171 cell line was used to propagate PRRSV. The five US isolates of PRRSV used in this study, designated ISU22, ISU55, ISU79, ISU1894 ISU22   VR2332   ISU1894  IStr79   VR2385   ISU3927  ISU55   ISU22  VR2332   ISU1894   ISU79   VR2385   ISU3927   ISU55  VR2385   ISU22  VR2332   ISU1894  ISU79   VR2385  ISU3927   ISU55   ISU22  VR2332   ISU1894   ISU79 GCATCTTGCCGCCATTGAAGCCGAGACCTGTAAATATCTGGCCTCTCGGCTGCCCATGCTACACCA~GCATGACAGGGTCAAA~T~CCATAG~TAT~TA~AC~A 600
. The two PCR fragments representing ORFs 2 and 3 as well as ORFs 4 and 5, respectively, were purified by the glassmilk procedure (GENECLEAN kit; BIO 101) and cloned into the vector pSK ÷ as described previously (Meng et al., 1993) . The recombinant plasmids were isolated by using column chromatography (QIAGEN) Short communication and sequenced with an automated DNA Sequencer (Applied Biosystems). Three or more independent cDNA clones representing the entire sequence of ORFs 2 to 5 from each of the five PRRSV isolates were sequenced with universal and reverse primers. Several virus-specific primers, XM969 (5" GATAGAGTCTGCCCTTAG 3'), XM970 (5' GGTTTCACCTAGAATGGC 3'), XM1006 (5' GCTTCTGAGATGAGTGA 3'), XM077 (5' CAA-CCAGGCGTAAACACT 3') and XM078 (5' CTGAG-CAATTACAGAAG 3'), were also used to determine the sequence of ORFs 2 to 5. Sequence data were combined and analysed by using MacVector (International Biotechnologies) and GeneWorks (IntelliGenetics) computer software programs.
As is the case in other US PRRSV isolates, ORFs 2 to 4 of these five US isolates overlapped each other (Fig. I) . However, unlike in the European isolates, ORFs 4 and 5 of all the US isolates sequenced to date do not overlap and are separated by 10 nucleotides (nt) (Fig. 1) . ORFs 4 and 5 of the LV overlapped by 1 nt (Meulenberg et al., 1993) . The sizes of ORFs 2 to 5 of all the US isolates are identical except for the ORF 2 of ISU79 and ORF 5 of ISU3927 which are both 3 nt shorter (Fig. 1) . A 3 nt deletion was also found in ORF 5 of the isolate ISU3927 (Fig. 1) . Sequence comparison of ORFs 2 to 5 of seven US isolates indicates that there are considerable sequence variations in ORFs 2 to 5 (Fig. 1) . The nucleotide sequence identity was 96-98 % in ORF 2, 92-98 % in ORF 3, 92-99% in ORF 4 and 90-98% in ORF 5 between VR2385, VR2332, ISU22, ISU55, ISU79 and ISU1894. The least virulent US isolate, ISU3927, had the most variation compared to other US isolates (Fig. 1) . The nucleotide sequence identity between ISU3927 and other US isolates was 93-94% in ORF 2, 89-90% in ORF 3 and 91-93% in ORF 4. ORF 5 of ISU3927 had a 3 nt deletion compared to other US isolates (Fig. 1) ; it shares 91-93 % nucleotide sequence identity with ORF 5 of other US isolates. These results indicate that US isolates VR2385, VR2332, ISU22, ISU55, ISU79 and ISU1894 are more closely related to each other than they are to the least virulent US isolate, ISU3927. Extensive sequence variation was found in ORFs 2 to 5 between the European LV and the US isolates (Fig. 1) . The nucleotide sequence identity between LV and US isolates was 65-67% in ORF 2, 61-64% in ORF 3, 63-66% in ORF 4 and 61-63 % in ORF 5. Extensive genetic variation in ORFs 6 and 7 between LV and US PRRSV has also been reported previously (Meng et al., 1995) .
The deduced amino acid sequences of ORFs 2 to 5 of the US isolates also varied considerably (Fig. 2) , indicating that most of the nucleotide differences observed in Fig. 1 are not just silent mutations. The amino acid sequence identity between VR2385, VR2332, ISU22, ISU55, ISU79 and ISU1894 was 95-99% in ORF 2, 90-98% in ORF 3, 94-98 % in ORF 4 and 88-97% in ORF 5. Again, the least virulent isolate, ISU3927, displayed higher variation in ORFs 2 to 4 (Fig.  2) and little variation in ORFs 5 to 7 compared with other US isolates (Meng et al., 1995) . The amino acid sequence identity between the isolate ISU3927 and other US isolates is 91-93% in ORF 2, 86-88% in ORF 3, 92-93 % in ORF 4 and 89-92 % in ORF 5. Many of these variations in the isolate ISU3927 resulted in nonconserved amino acid substitutions. However, these nonconserved changes in the isolate ISU3927 as compared to other US isolates are not limited to a particular region or ORF. Therefore, it is difficult to speculate regarding any correlation between sequence variation and isolate virulence. ORFs 2 to 5 of the European LV share only 57-61%, 55-56%, 65-67% and 51-55% amino acid identity with those of the US isolates, respectively. The size of ORFs 2 to 5 of all US isolates are identical except that there is one amino acid deletion in the N terminus of ORF 5 of the isolate ISU3927 and in the C terminus of ORF 2 of the isolate ISU79 (Fig. 2a, d ). However, deletions or insertions between the European LV and US isolates were found throughout ORFs 2 to 5 (Fig. 2) .
Sequence comparison of ORF 5 gene product showed that the hydrophobic N-terminal region is extremely variable, not only between the US isolates and the European LV but among the US isolates as well (Fig.  2d) . It has been predicted that the first 32-33 amino acid residues of ORF 5 form the signal sequence in LV (Meulenberg et al., 1995; Fig. 2d ). Therefore, the potential signal sequence of ORF 5 in all the PRRSV isolates is very heterogeneous. An additional hypervariable region (amino acid positions 34-40) immediately following the putative signal sequence was also identified (Fig. 2d) . Amino acid sequence variations in this hypervariable region are significant and are not structurally conserved (Fig. 2d) . Computer analysis indicates that this hypervariable region is very hydrophilic and antigenic (data not shown). It has been proposed that antigenic variation of viruses is the result of direct selection of variants by host immune responses, although new observations suggest that this may not be true for all viruses (reviewed by Domingo et al., 1993) . This hypervariable region is likely to have evolved because of selection pressure by the host immune system; thus providing a possible explanation for the observed antigenic diversity among PRRSV isolates (Wensvoort et al., 1992; Nelson et al., 1993) . However, at least two other variable regions in ORF 5 were also identified (Fig.  2d , amino acid positions 60-68 and 122-130), the significance of these variations needs to be studied further.
The PAUP program (David L. Swofford, Illinois Natural History Survey, Champaign, IL) was used to . Phylogenetic tree based on the nucleotide sequences of ORFs 2 to 7 of seven US PRRSV isolates with differing virulence. The tree was constructed by maximum parsimony methods with the aid of the PAUP software package version 3.1.1. The tree with the shortest length (most parsimonious) was found by implementing the exhaustive search option. The branch lengths (numbers of nucleotide substitutions) are given above each branch. The sequences used in the analysis are LV (Meulenberg et al., 1993) , VR2385 (Meng et al., 1994; Morozov et al., 1995) and VR2332 (Murtaugh et al., GenBank accession number U00153).
construct a phylogenetic tree illustrating relationships among US isolates of PRRSV. PAUP employs the maximum parsimony algorithm to construct a phylogenetic tree. The phylogenetic tree based on the nucleotide sequences of ORFs 2 to 7 of seven US PRRSV isolates indicates that at least three groups of PRRSV variants (or minor genotypes) exist within the major US genotype (Fig. 3) . The least virulent US isolate, ISU3927, forms a branch distinct from other US isolates (Fig. 3) . Isolates ISU22, ISU79, ISU1894 and VR2332 form another branch which represents a minor genotype. The third minor genotype was represented by isolates ISU79 and VR2385 (Fig. 3) . Identical tree topology was also produced by using the unweighted pair-group method with arithmetic mean (UPGMA; data not shown). In summary, we have confirmed and extended our previous report of different genotypes of PRRSV and have identified at least three minor genotypes within the major US genotype, based on an analysis of the sequence of ORFs 2 to 7. We have also further confirmed that genetic variations exist not only between European PRRSV and US PRRSV but among the US PRRSV isolates as well, indicating the heterogeneous nature of PRRSV. The least virulent US PRRSV isolate has higher sequence variation in ORFs 2 to 4 compared to other US isolates. Further experiments are warranted to study the virulence determinant(s) of PRRSV.
